Abstract
Introduction
The 5-6 GHz wireless LAN standards make use of three unlicensed U-NII bands, resulting in a total input band from 5.15 GHz to 5.875 GHz [5] . This sets the operating bandwidth of the first receiver stages, including the LNA. In designing this building block, cascode amplifiers are often preferred as gain cell because of their good isolation and voltage gain; one drawback this choice implies is that achieving sufficient preamplifier bandwidth becomes difficult, even with low-quality silicon technologies: the problem is typically addressed designing the receiver for the two lower [5] [6] [7] or the upper [2, 4] U-NII bands, or lowering the resonator quality factors, thus trading gain for bandwidth [1] . Assuming that no more than one 20 MHz channel would be received at a time, this paper presents an alternative approach: with a simple modification of typical LNA topologies, output matching and power gain can be tuned and optimized over a band sufficient to cover com- pletely the 5 GHz standards. The proposed topology has been validated by a design and fabrication in an advanced BiCMOS technology of an LNA. For ease of characterization, the presented amplifier is designed to drive a 50 Ω load, but the same idea can be easily adapted to the higher impedance levels typical for on-chip system designs. Fig. 1 shows the schematic of the amplifier. The LNA is a single-ended HBT cascode, power matched to 50 Ω at both input and output; the input matching network was designed to achieve simultaneous noise and power matching [8] to the source. The cascode gain cell is often chosen for WLAN receivers: this is mainly due to its good isolation and its high output impedance, which improves the gain for given current consumption and output-matching quality factor. Both of the transistor dimensions are set for peak-f t operation at the given DC collector current. This sets the input capacity of T 1 : for this reason, capacitor C 1 is used to increase the input capacity to a value convenient to achieve, together with inductors L 1 and L 2 , noise and power input matching. A conventional narrow-band output matching is implemented by means of L 3 , C tune and C 2 . The value of L 3 and the nominal value of C tune , i.e. the value for V tune = V cc , are chosen to provide the reactance necessary for power matching at 5.5 GHz, the center frequency of the target band. The capacity variation tunes the matching center frequency and the power-gain peak. Apart from offering the tuning capability, a positive side-effect of adding C tune in parallel to L 3 is that the inductance of L 3 needed for power matching is lower: this results in a smaller size of the spiral inductor and reduces the overall circuit active area. Targeting the main 5-6 GHz WLAN standards, the circuit was designed to achieve 14dB of flat gain over the whole 5-6 GHz band, a NF of 2 dB [1] with a current consumption of 3mA from a 2V power supply.
Circuit

Design
Fabrication
The circuit was fabricated with the commercial IBM BiCMOS 7HP process [3] . At optimum bias current, the HBTs yield transit frequencies f t up to 120 GHz and minimum noise figures of around 0.5 dB at 5-6 GHz. The process is targeted for RF, analog and mixed signal applications: a 4 µm thick Analog Metal and deep-trench insulations allow the integration of inductors with quality factors up to 20 at 5 GHz. The circuit has been implemented on a 0.3 mm 2 active area, as shown in the photograph in Fig 2. Total area shown measures 1.18 mm×0.92 mm; area efficiency is mainly limited by bond pads and pattern density requirements. Transistors T 1 and T 2 are dual-base-contact HBTs; L 1−3 are single layer octagonal inductors over deep-trench lattice; C tune is a nFET varactor, while C 1−3,∞ are MIM high density capacitors.
Measurements
The circuit has been characterized on-wafer using RF probes. While biased with a 3 mA collector current, it showed similar performances for V cc ranging from 1.5 V to 2.4 V. Results presented here are those observed for V cc =2 V. Fig. 3 shows the effect of C tune variations on gain and output matching. The capacity value is controlled by V cc − V tune , which sweeps from -0.4 V to 0.3 V. The tuning capability allows to extend the -10 dB bandwidth of S 22 from 700 MHz to 1.4 GHz, and to sweep the peak gain of 13.2 dB over a 1.1 GHz band. Due to the good isolation of the cascode gain cell, input matching and noise figure are not significantly affected by output matching variations. Fig. 4 shows the measured S-parameters and NF as function of frequency at the V tune corresponding to the best value of |S 22 |. In the usable band, the NF is smaller than 2.3 dB. 
Conclusions
The design, implementation and characterization of a tunable LNA have been presented. A simple modification of the topology for the output matching network allows to double the -10 dB bandwidth of S 22 and achieves constant power gain over the 5.1-6.2 GHz band. The measured performances are sufficient to meet the specifications for an RF front-end compliant with the main WLAN standard in the 5 GHz band [1] . In particular, the flat frequency response of the gain can significantly improve the noise performance of the whole receiver, or simplify the use of noise-critical active mixers relaxing, e.g., the LO power requirements.
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